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TITLE: METHODS FOR DETECTION OF BREAST CANCER 

FIELD OF INVENTION 

- This invention relates to a simple screening test for breast cancer. A method is described whereby a 

breast cancer marker is detected in breast fluid. 
5 BACKGROUND OF THE INVENTION 

Breast cancer is the most common noncutaneous cancer in North American women, with an 

estimated 192,000 newly diagnosed cases in 2001 in the United States alone. Breast cancer also appears in 

males although it is rare: about 1% of the incidence in women. In Connecticut, where longitudinal cancer 

statistics are available, breast cancer increased about 1% a year from the 1940s to 1980. Between 1982 and 
10 1987, it increased about 4% a year, in association with the widespread use of screening by mammography 

(1-4), 

Because of this high incidence, breast cancer is the. second most common cause of cancer-related 
death in women in North America, witii an estimate of over 40,000 cancer &talities in 2001, i.e. 
approximately 25% of breast cancer cases end in death (1). Therefore, preventing the development of breast 

15 cancer, and death from it, is an extremely important task in North America and other populations where 

breast cancer rates are increasing rapidly. Because there are no realistic prospects of significantly improving 
the cure rate once the cancer has spread, many authorities believe that breast cancer can be effectively 
controlled only by preventive measures, as it has been documented for colorectal cancer (5). 

Primary prevention of breast cancer (i.e. averting the development of the tumor by altering 

20 biological risk factors) is not yet feasible since so little is understood of the etiology of the disease. 

Alternatively, secondary preventive measures (i.e. detection at an asymptomatic, treatable state) would be 
possible should an effective screening test be available. Indeed, breast cancer has the characteristics of a 
suitable candidate for the development of a screening test: (1) it is a common cause of cancer-related deaths 
and the disease prevalence is sufficiently high to justify the expense of a screening program; (2) once the 
' 25 stage of invasive cancer is reached, leading to symptoms, the mortality rate is over 25%; and (3) removal of 

breast cancer at its earliest, asymptomatic stage can be done by limited surgical intervention, without any 
significant risk. Moreover, as breast cancer may become metastatic and increasingly &tal in a short time, the 
opportunity to detect these neoplasms at their treatable stage is limited. Therefore a screening test which 
would enable early diagnosis of the disease is of utmost importance. 

30 Principles of screening 

The goal of a medical screening program is to reduce mortality by detecting a disease at a 
sufficiently early stage to allow curative treatment Usually it is not designed to diagnose a disease, but to 
determine which asymptomatic, apparently disease-free individuals should undergo diagnostic 
investigations. The effectiveness of a screening test to distinguish those who warrant further evaluation from 

35 those who do not is expressed in the following epidemiological terms: sensitivity, specificity, positive 

predictive value, and negative predictive value. Sensitivity is defined as the proportion of diseased 
individuals who have a positive test (true positives/all persons with the disease); specificity is the proportion 
of disease-free subjects who have a negative test (true negatives/all persons without the disease; positive 
predictive value is fhe proportion of positive tests due to the disease (true positives/all positives); negative 
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predictive value is the proportion of negative tests due to the absence of the disease (true negatives/all 

negatives). Almost always, sensitivity and specificity must be traded against each other. Intuitively, it 

appears wise to design a screening test for a fatal disease so as to optimize sensitivity, in order to detect as 

many individuals with the disease as possible. It has been emphasized, however, that optimizing sensitivity 
5 brings with it a risk of reducing the specificity to such an extent that unacceptably high costs, poor 

compliance, and "flooding" of diagnostic facilities result Moreover, positive predictive value which is a 

particularly useful expression of the value of screening test is critically dependent on specificity and on how 

common the occurence of a disease is in the population screened (6). 

Screening Using A Schiff's Reagent 
10 Colorectal mucus from patients with colorectal cancer turns purple on treatment with Schiff s 

reagent as disclosed in U.S. Patent No. 5,416,025 to Krepinsky et al. More specifically, in U.S. Patent No. 

6,187,591 to Krepinsky et aJ. it is documented that the aldehydes selected from the group consisting of the 

following aldehydes that are insoluble in water: hexadecanal CH3(CH2)i4CH=0 commonly known as 

palmitaldehyde, octadecanal CH3(CH2)i5CH=0 commonly known as stearaldehyde, and octadec-9-enal, 
15 CH3(CH2)7CH=CH(CH2)7CH=0, commonly known as olealdehyde, provide markers of cancer in 

colorectal mucus obtained by digital rectal examination in colorectal cancer patients (U.S. Patent No. 

5,416,025 to Krepinsky et al., U.S. Patent No. 6,187,591 to Krepinsky et al, and 7). 

Current Modalities of Breast Cancer Diagnosis and Screening 

Breast Self Examination (BSE) 
20 Monthly BSE is frequently advocated, but after many large scale studies have been conducted, there 

is no evidence for its effectiveness (8). 

Clinical Breast Examination (CBE) 

Clinical breast examination (by a health care practitioner) may discover breast cancers that are not 

detected by the patient or by other screening methods (4), but no randomized trials of CBE as a sole 
25 screening modality have been done. Based on studies that combined CBE with other modality, CBE may be 

effective with a sensitivity of 70% to 80%, and specificity of close to 90% (9). 

Mammography 

Mammography utilizes X-rays to identify differences in breast tissue density. The examination is 
performed by compressing the breast firmly between a plastic plate and a plate covering an x-ray cassette 

30 which contains special x-ray film. The density of cancer tissue is higher. This difference can be observed in 
conventional manmiography directly on the film, or in digital mammography using computer-assisted 
evaluation to create breast tissue images. Mammography can identify breast cancers too small to be palpated 
on physical examination, and can also find ductal carcinoma in situ (DCIS), a noninvasive condition (10). 
Since all cancers develop as a consequence of a series of mutations, it is theoretically beneficial to diagnose 

35 these noninvasive lesions. However, whether mass screening with mammography ultimately saves lives is 
still a subject of heated debate. Most recently, a review published by Cochrane Library concluded that there 
is no evidence that mammography saves lives in the long run (1 1-13). 
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Ultrasonography 

The primary role of ultrasound is the evaluation of palpable or mammographically identified 
masses. A review of the literature and expert opinion by the European Group for Breast Cancer Screening 
concluded, "there is little evidence to support the use of ultrasound in population breast cancer screening at 
5 any age"(14). 

Magnetic Resonance Imaging (MRI) 

MRIs have been used to evaluate palpable breast masses and to discriminate between cancer and 
scar, but their role in breast cancer screening has not been established (15). 
DNA Analysis 

10 Screening for breast cancer by DNA analysis is based on the presence of altered genes such as 

BRCAl and BRCA2 in women with increased risk for the development of the disease (16). However, the 
majority of breast cancer cases (approximately 90%) are sporadic (17), i.e. no hereditary links could be 
identified, and therefore DNA analysis could not identify them. 
Breast Secretion Fluids 

15 It is believed that neoplastic changes occur in one breast duct at the onset of title disease and may 

involve other ducts as the disease progresses (20). Since cancer cells may slough off and enter into the ductal 
fluids, cytological examinations of fluids and identification of atypical cells has been considered as a tool to 
detect the presence of neoplasia and cancer. In particular, many investigations utilizing nipple aspirate fiuid 
(18, 21-24) have been conducted and correlations of abnormal cytology of breast secretion fluids (19) with 

20 breast neoplasia and cancer have been reported (25-33). However, cytological analysis is laborious and 
requires relatively large volumes in order to obtain sufficient numbers of exfoliated cells, rendering this 
approach impractical for screening purposes. 

In conclusion, there is a need for a simple screening test for breast cancer which may be used solely 
or in conjunction with other methods (such as clinical breast examination or mammography). 

25 SUMMARY OF THE INVENTION 

Applicants have developed a novel method for detecting neoplasia, a precancerous condition, or 
cancer of the breast The method detects a breast cancer marker in samples fi-om a subject, in particular in a 
sample of breast fluid. In a particular embodiment, the method involves treating a sample of breast fluid with 
an aldehyde detecting reagent without any prewashing. 

30 The method was found to be useful in detecting breast cancer or neoplasia, or a predisposition to 

breast cancer. Using the method of the invention, samples originating from the breast of subjects with breast 
neoplasia, precancer, or cancer of the breast showed a detectable change after addition of an aldehyde 
detecting reagent. No detectable change was detected for samples tiiat originated from the breast of subjects 
without any of the above conditions. The appearance in breast fluids of a marker that is detected by an 

35 aldehyde detecting reagent, such as a SchifFs reagent, was found to correlate very well with the disease 
status of the breast cancer subjects fi-om which the fluids were obtained. 

The method of the invention has many advantages. The method is rapid, simple, inexpensive, and 
provides a screening test for breast cancer that does not give a high percentage of false negative or felse 
positive results. The method facilitates early detection of the disease and it can be used for screening of large 
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populations. Because of its high sensitivity for neoplasms the method of the invention may replace 
mammography or it may reduce the number of patients undergoing mammography. The early diagnosis of 
the disease made possible by the screening process herein described, in combination with novel medicinals 
such as femara, may lower significantly the number of deaths from breast cancer although primary 

5 prevention of the disease (37) is not yet possible. 

Broadly stated the present invention provides a tool for screening of asymptomatic individuals for 
breast cancer and a screening test to detect early changes in the breast which eventually lead to breast cancer. 

In an aspect of the invention, a method is provided for detecting neoplasia, a precancerous 
condition, or cancer of the breast in a subject comprising treating a sample of breast fluid from the subject 

10 with an aldehyde detecting reagent where the detection of a change produced by the aldehyde detecting 
reagent compared to a control (e.g. normal subject) is indicative of neoplasia, a precancerous condition, or 
cancer of the breast The absence of a change may indicate that the subject does not have neoplasia, a 
precancerous condition, or cancer of the breast 

In an aspect of the invention, a method is provided comprising the following steps: 

15 (a) obtaining a sample of breast fluid from a subject; 

(b) depositing the sample on a solid support; 

(c) treating the sample with an aldehyde detecting reagent without any prewashing; and 

(d) detecting a colorimetric change produced in the sample, where detection of a colorimetric . 
change compared to a control is indicative of neoplasia, a precancerous condition, or 

20 cancer of the breast 

In another aspect of the invention, a method is provided comprising the following steps: 

(a) obtaining a sample of breast fluid from a subject; 

(b) depositing the sample on a solid support; 

(c) treating the sample with an aldehyde detecting reagent, without any prewashing, wherein 
25 the reagent reacts with aldehydes in the sample to form an adduct that adheres to the solid 

support; and 

(d) detecting a colorimetric change produced in the sample, where detection of a colorimetric 
change compared to a control is indicative of neoplasia, a precancerous condition, or 
cancer of the breast. 

30 In an embodiment the aldehyde detecting reagent is a SchifPs reagent and the change produced by 

the SchifP s reagent is a colorimetric change ( i.e. purple coloration). Thus, the invention provides a method 
for detecting a neoplasia, a precancerous condition, or cancer of the breast in a subject, which method 
comprises: 

a) obtaining a sample of breast fluid from a subject; 
35 b) depositing the sample on a solid support; 

c) treating the sample on the support with a Schiffs reagent without any prewashing; and 

d) detecting a colorimetric change resulting from the reaction of the sample and Schififs 
reagent wherein a colorimetric change is indicative of neoplasia, precancer or cancer of the 
breast 
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In an embodiment, the invention provides a method for detecting a neoplasia, a precancerous 
condition, or cancer of the breast in a subject, which method comprises: 

a) obtaining a sample of breast fluid from a subject; 

b) depositing the sample on a solid support; 

5 c) treating the sample on the support with a SchifFs reagent without any prewashing; 

d) washing the support carrying the sample; and 

e) detecting a colorimetric change resulting from tiie reaction of the sample and SchifPs 
reagent wherein a colorimetric change is indicative of neoplasia, precancer or cancer of the 

breast. 

10 In an embodiment, the invention provides a method for detecting a neoplasia, a precancerous 

condition, or cancer of the breast in a subject, which method comprises; 

a) obtaining a sample of breast fluid from a subject; 

b) depositing the sample on a solid support; 

c) treating the sample on the support with a SchifPs reagent without any prewashing; 
15 d) observing color formation produced in the sample; 

e) washing the support; and 

f) detecting a colorimetric change resulting from the reaction of the sample and SchifFs 
reagent wherein a colorimetric change is indicative of neoplasia, precancer or cancer of the 
breast 

20 In an embodiment of the invention a method for detecting the presence of a precancerous condition, 

neoplasia or cancer of the breast is provided which metiiod consists essentially of obtaining a sample of 
breast fluid from a subject, treating the sample without any prewashing step with a SchifiFs reagent, and 
detecting a precancerous condition, neoplasia or cancer of the breast based upon the coloration produced in 
the sample by the treatment. 

25 In a particular embodiment, a method for detecting the presence of neoplasia, a precancerous 

condition, or cancer of the breast is provided, which method consists essentially of obtaining a sample of 
breast secretion from the breast of a subject; treating said sample with a SchifPs reagent; and, detecting 
neoplasia, a precancerous condition, or cancer of the breast based upon the purple coloration produced in 
said sample by said treatment, 

30 The invention contemplates a method for detecting the presence of neoplasia, or cancer of the 

breast, which method comprises (a) obtaining a sample of breast secretion fluids which includes breast 
discharge, ductal secretion including single duct secretion, and nipple aspirate fluid from the nipple of one or 
both non-lactating breasts of a subject; (b) depositing the collected sample on a solid water-insoluble 
support; (c) treating the sample on the support with SchifPs reagent without any prewashing (d) washing the 

35 . sample; and (e) screening for neoplasia or cancer of the breast by persistent purple coloration produced in the 
sample. 

Breast fluid may contain a variety of substances, one or more being aldehydes and their precursors 
(e.g. plasmalogens), of which one or more is a marker which by virtue of its solubility in water is susceptible 
to being removed in a prewash before treatment with an aldehyde detecting reagent e.g. SchifFs reagent 
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Some of the aldehydes upon reaction with an aldehyde detecting reagent (e.g. SchifPs reagent) may form an 
adduct that strongly adheres to a support and cannot be removed by washing. The aldehydes may be low 
molecular weight aldehydes that are soluble in water. The aldehydes may be targeted to detect breast cancer, 
neoplasia, or a precancerous condition. The aldehyde markers found in untreated breast fluid that react with a 
5 SchifPs reagent are referred to herein as "aldehyde marker(s) associated with breast cancer" or "aldehyde 
markers". The markers may be further characterized as low molecular weight aldehydes that are soluble in 
water. In certain aspects of the invention tfie term includes precursors of the aldehydes. The aldehydes may 
be used in the diagnostic evaluation of breast cancer or neoplasia, and the identification of subjects with a 
predisposition to breast cancer. 
10 Thus, the invention provides a method for detecting neoplasia, a precancerous condition, or cancer 

of the breast in a subject comprising obtaining from the subject a sample suspected of containing an 
aldehyde marker associated with breast cancer, and detecting the presence of the aldehyde marker in the 
sample. 

In an aspect the invention provides a method for detecting neoplasia, a precancerous condition, or 
15 cancer of the breast in a subject comprising: 

(a) obtaining a sample of breast fluid from the subject; 

(b) detecting in the sample one or more aldehyde markers associated with breast cancer; and 

(c) comparing to a control or standard. 

A control or standard may correspond to results obtained for samples from healdiy control subjects, 

20 from subjects wi& benign disease, subjects with late stage disease, or from other samples of the subject. In a 
preferred embodiment, the control or standard is a healthy control or disease-free subject. 

Increased levels of an aldehyde marker as compared to the standard may be indicative of breast 
cancer. According to a method of the invention the levels of aldehyde marker associated with breast cancer 
in a sample from a patient is compared with the normal levels of the marker in samples of the same type 

25 obtained from controls (e.g. samples from individuals not afflicted with disease). Significantly altered levels 
in the sample of the marker relative to the normal levels in a control is indicative of disease. Significantly 
altered levels or significantly different levels of markers in a patient sample compared to a control or 
standard (e.g. normal levels or levels in other samples from a patient) may represent levels that are higher or 
lower than the standard error of the detection assay. 

30 In an embodiment, the invention relates to a method for detecting neoplasia, a precancerous 

condition, or cancer of the breast in a subject by quantitating one or more aldehyde marker associated with 
breast cancer in a sample of breast fluid from the subject comprising (a) treating the sample with an aldehyde 
detecting reagent; and (b) measuring a detectable change produced by the aldehyde detecting reagent in the 
presence of an aldehyde marker; wherein a change in the amount or level of the detectable change compared 

35 to a control is indicative of neoplasia, a precancerous condition, or cancer of the breast. 

The invention also contemplates the methods described herein using multiple markers for breast 
cancer. Therefore, the invention contemplates a method for analyzing a sample for the presence of one or 
more aldehyde markers associated with breast cancer and other markers that are indicators of breast cancer. 
Other markers include but are not limited to a member of the HER family of receptor tyrosine kinases. 
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estrogen receptor, interleukms, cadherins (e.g. B-cadherin), BRCAl, and BRCA2. The methods described 
herein may be modified by including reagents to detect the additional markers. 

The invention further relates to a method of assessing the efficacy of a therapy for breast cancer in a 
subject comprising comparing: 
5 (a) a colorimetric change produced by treating a first sample of breast fluid from the subject 

with a SchifTs reagent without a prewash step, wherein the sample is obtained prior to 
providing at least a portion of the tiierapy; and 

(b) a colorimetric change produced by treating a second sample of breast fluid from the 
subject with a Schifif s reagent without a prewash step, wherein the sample is obtained 

10 following therapy. 

A significant difference between the colorimetric change in the second sample (e.g. colorless) 
relative to the first sample is an indication that the therapy is efficacious for inhibiting breast cancer. 

The "therapy" may be any therapy for treating breast cancer including but not limited to 
therapeutics, radiation, immunotherapy, gene therapy, and surgical removal of tissue. Therefore, the me&od 
IS can be used to evaluate a subject before, during, and after therapy. 

In an aspect, the invention provides a method for monitoring the progression of breast cancer in a 
subject the method comprising: 

(a) detecting a colorimetric change produced by treating a sample of breast fluid from the 
subject obtained at a first point in time with a SchifPs reagent without a prewash step, 
20 (b) repeating step (a) at a subsequent point in time; and 

(c) comparing the colorimetric change detected in (a) and (b), and therefrom monitoring the 
progression of the breast cancer. 

The invention also relates to a method for imaging a breast tumor from a subject comprising: 

(a) incubating the tumor with an aldehyde detecting reagent for a sufficient period of time to 
25 permit the aldehyde detecting reagent to react with aldehyde markers associated with 

breast cancer, where the reagent carries a laliel for analyzing the tumor; 

(b) detecting the presence of the label localized to the tumor. 

In accordance with an aspect of the invention an in vivo method is provided comprising 
administering to a subject a reagent that has been constructed to target one or more aldehyde markers 
30 associated with breast cancer. 

The invention therefore contemplates an in vivo method comprising administering to a mammal one 
or more reagent that carries a label for imaging and reacts with aldehyde markers associated with breast 
cancer, and then imaging the mammal. 

According to a preferred aspect of the invention, an in vivo method for imaging breast cancer is 
35 provided comprising: 

(a) injecting a subject with a reagent that reacts with an aldehyde marker associated with 
breast cancer, the reagent carrying a label for imaging the breast cancer; 

(b) allowing the reagent to incubate in vivo and react with the aldehyde marker associated with 
breast cancer; and 
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(c) detecting the presence of the label localized to the breast cancer. 

In another embodiment of the invention the reagent is a chemical entity which recognizes the 
aldehyde marker. 

The reagent carries a label to image the aldehyde markers. Examples of labels useful for imaging 
5 are radiolabels, fluorescent labels (e.g fluorescein and rhodamine), nuclear magnetic resonance active labels, 
positron emitting isotopes detectable by a positron emission tomography ("PET") scanner, chemiluminescers 
such as luciferin, and enzymatic markers such as peroxidase or phosphatase. Short-range radiation emitters, 
such as isotopes detectable by short-range detector probes can also be employed. 

The invention also contemplates the localization or imaging methods described herein using 
10 multiple markers for breast cancer. For example, a method for imaging breast cancer may further comprise 
injecting the patient with one or more of an agent that binds to a member of the HER family of receptor 
tyrosine kinases, estrogen receptor, interleukins, cadherins (e.g. E-cadherin), BRCAl, and BRCA2. 
The invention also provides kits for carrying out the methods of the invention. 
These and othw aspects of the present invention will become evident upon reference to the 
15 following detailed description. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention there may be employed conventional biochemistry and 
organic chemistry techniques within the skill of the art. Such techniques are explained fully in the literature. 
Unless otherwise indicated, all terms used herein have the same meaning as they would to one skilled in the 
20 art of the present invention. 

As hereinbefore mentioned, the present invention provides a method for screening, monitoring, 
diagnosing, or for the prognosis of breast cancer in a subject by treating an aldehyde detecting reagent with a 
sample from the subject and detecting a change produced by the reagent compared to a control. Methods are 
also contemplated for detecting an aldehyde marker associated with breast cancer in a sample from the 
25 subject 

The term "subject" refers to a warm-blooded animal such as a mammal which is afflicted with or 
suspected to be affiicted with breast cancer. Preferably, "subject" refers to a human. 

The terms "detecting" or "detect" include assaying, quantitating, imaging or otherwise establishing 
the presence or absence of cancer or neoplasia of the breast or an aldehyde marker associated with breast 
30 cancer, or precursors thereof, and the like, or assaying for, imaging, ascertaining, establishing, or otherwise 
determining one or more factual characteristics of breast cancer, metastasis, stage, or similar conditions. The 
term encompasses diagnostic, prognostic, and monitoring applications. The methods can be used to detect 
the presence of cancer metastasis. They can further be used to monitor cancer chemotherapy and cancer 
reappearance. 

35 The methods of the invention are carried out using a sample known or suspected of containing a 

marker that reacts with an aldehyde detecting reagent. Preferably the sample contains an aldehyde marker 
associated with breast cancer. Preferably a sample is obtained from breast fluid of a subject. 

"Breast fluid" refers to a fluid produced by ducts within one or both non-lactating human breasts. 
The fluid inside a duct is secreted continuously and retained long enough to accumulate a variety of secreted 
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substances and exfoliated epithelial cells (27-33). The fluids include but are not limited to breast nipple 
discharge, breast nipple aspirates, fluids obtained by pressure, and fluids collected by endoscopic methods. 
"Breast discharge" means fluid produced by ducts within the breast which appears spontaneously on the 
surface of the nipple; it may contain blood (18). A breast discharge may be a single duct secretion. "Breast 
aspirates" mean fluids produced by ducts within the breast which are brought to the surface of the nipple by 
gentle suction using a variety of simple suction devices. "Fluids obtained by pressure" means fluids 
produced by ducts within the breast and brought to the sur&ce of the nipple by applying pressure on the 
breast, in particular with human hands. "Fluids collected by endoscopic methods" means fluids produced by 
ducts within the breast and collected by inserting an endoscopic device into the ducts (19). 

A breast fluid can be obtained by conventional methods known to the skilled artisan. Endoscopic 
collection of fluid from individual breast ducts is carried out by standard methods (see U.S. Patent No. 
6,221,622 to Love et al.; U.S. Patent No. 6,168,779 to Barsky et al; U.S. Patents No. 6,287,521 and 
5,798,266 to Quay et al.). The collection of breast fluid at the ductal orifice on the nipple surface is a much 
simpler method of obtaining such a fluid. It is obtainable from some women when they squeeze their breast 
15 with both hands - droplets of the fluid appear at the duct orifice on the nipple. More commonly, the fluid pan 
be aspirated from the breast of non-lactating women through the duct opening in the nipple using a simple 
non-invasive pump (see U.S. Patent No. 3,786,801 to Sartorius). Droplets that appear at the duct orifice on 
the nipple or the duct opening are collected into a capillary tube or directly deposited on a solid support e.g. a 
fabric support. 

20 A breast fluid from a screened subject is preferably deposited on a suitable water-insoluble substrate 

or support, such as a pad or disc, either before or after reaction with an aldehyde detecting reagent A support 
material may be prepared from, for example, glass microfibres, some polymer fibres such as polyester fibres 
(e.g. polymacron [Dupont]), and cellulose or modified cellulose fibers. Suitable support materials are, for 
example, glass microfibres Whatman GF/C, polymer fibres such as Biotrace RP, Metricel DM 450, Metricel 

25 VM-1, Sepraphore m, Versapore 450, or cellulose fibre such as Whatman 3MM. The support may or may 
not be pre-treated with an antioxidant such as BHT (butylated hydroxytoluene) or BHA (butylated 
hydroxyanisol). A support may be in the shape of, for example, a tube, test plate, well, beads, disc, sphere 
etc. 

A sample screened in a method of the invention, (e.g. a breast fluid sample) should not be pretreated 
30 or modified so as to remove or damage aldehyde markers associated with breast cancer in the sample. In 
particular, a sample screened in a method of the invention should not be treated or washed with aqueous 
solutions such as water or buffers prior to treatment with an aldehyde detecting reagent Aldehyde markers in 
a sample may be soluble in water and may be removed if the sample is washed prior to treatment with the 
reagent. 

35 A method of the invention utilizes an aldehyde detecting reagent An "aldehyde detecting reagent" 

refers to a reagent that is capable of detecting an aldehyde, in particular an aldehyde marker associated with 
breast cancer in a mixture. Typically the reagent specifically reacts with aldehyde groups or aldehydic group 
forming compounds and it is detectable by suitable properties such as color, (i.e. a colorimetric change, for 
example, specific spectral properties, fluorescence, chemiluminescence, and other biological reactions 
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detectable by color), mass spectral properties, and chromatographic properties. Many aldehyde detecting 
reagents may be used in the practice of the invention. Suitable aldehyde detecting reagents include 
compounds containing amino groups that under acidic conditions form addition compounds with aldehydes 
and have detectable properties such as color or fluorescence. In a preferred embodiment of the invention, the 
5 aldehyde detecting reagent is a SchifPs reagent. A SchifFs reagent employed in methods of the invention 

reacts with aldehydes with high sensitivity to form a purple or purple-magenta color addition compoimd 
(34,35). 

A SchifPs reagent may be prepared in accordance witii standard methods or obtained from 
commercial sources. A particularly sensitive and specific method results from using the SchifPs reagent 

10 prepared as illustrated herein (e.g. see Example 1). In some circumstances it is desirable to allow the reagent 
to mature for between 4 days to 6 weeks at S^'C to 5*'C before use. In a particular embodiment, the reagent is 
allowed to mature for about 4 days at room temperature. 

A sample is generally treated with an aldehyde detecting reagent under conditions suitable for the 
reagent to produce a detectable change in the presence of an aldehyde, in particular an aldehyde marker 

15 associated with breast cancer. Typically the sample is reacted with an aldehyde detecting reagent at about 
15-30**C, in particular 20-25°C. An aldehyde detecting reagent may be sprayed on a sample deposited on a 
solid support, the solid support with the deposited sample may be inserted into an aldehyde detecting 
reagent, or the sample may be applied to a solid support comprising an aldehyde detecting reagent. A 
detectable change may be formed between about 2 to 60 minutes, in particular 10 to 20 minutes, more 

20 particularly about 20 minutes. The sample is washed with an aqueous solution, preferably water, fen: a 
sufficient period of time to remove surplus aldehyde detecting reagent. A positive reaction is scored when a 
permanent detectable change is detected. When the aldehyde detecting reagent is a SchifPs reagent, a 
positive reaction is scored when a purple or purple-magenta color is formed. However, different shades of 
color may be observed that may correlate with the clinical condition of a subject e.g. late stage disease. The 

25 color change may also be detected by absorption spectroscopy, for instance using a reflectance probe. When 
a marker is absent, the support remains colorless although some background coloration may be present. 
A general procedure for use in the implementation of the invention is as follows. 
A nipple aspirate fluid sample obtained by a physician, a trained nurse, or a subject from a breast is 
deposited on a suitable water-insoluble substrate or support, such as a pad or a disc. The support with the 

30 deposited nipple aspirate fluid sample is sprayed with Schiffs reagent from an atomizer and the specimen 

becomes strongly red colored. Twenty minutes after exposure to Schiffs reagent, the plates are repeatedly 
washed with distilled water, while gently agitated, for a period of about 10 minutes, with a change of water 
about every three minutes until the washing water is no longer colored. Usually three washings with water 
are sufficient Alternatively, a specimen deposited on a support is briefly inserted into SchifPs reagent, 

35 preferably for no more than about 1 minute; the specimen becomes red colored and after about 20 minutes it 
is washed repeatedly with water while gently agitated until the water is no longer colored as described 
hereinabove. A positive reaction is scored when permanent purple color remains on the support. 



wo 2004/034059 



PCT/CA2003/001553 



-11- 

If a specimen does not produce any coloration, it may be because of the absence of the markers or 
their precursors from the nipple aspirate fluid, or because insufficient quantity of the fluid was deposited on 
the support When an aspirate fluid lacking the marker is involved, red coloration appears at the place where 
the fluid was deposited shortly after treatment with Schiff s reagent, but the color is completely removed 
5 when the colored specimen is subjected to repeated washings. If insufScient amount of the aspirate fluid was 
deposited, weak initial red coloration appears after treatment with SchifiTs reagent, but the color is removed 
by washing (as above). 

During the practice of a particular process according to the invention, the initial color formed is due 
to the red dye p-rosaniline reflecting the decomposition of Schiff s reagent from which the dye is liberated. 

10 This color is soluble in water and it is removed by washing with water. As described hereinabove, the purple 
color of the marker cannot be removed by washing with water. 

The properties of a Schiffs reagent may vary according to the combination of various isomers 
pibsent in commercial preparations of p-rosanilin and according to the method of preparation of the SchifPs 
reagent itself. The preferable procedure for the preparation of an appropriate Schiffs reagent is described 

15 herein. To obtain reproducible resuUs with maximum sensitivity and stability, it is recomm^ded to allow the 
reagent to mature at room temperature for about four days before use. 

The support (substrate) may generally be exposed through a circular aperture (1.0 - 1.3 cm 
diameter) between two tightly sealed rectangular hard plastic plates. The dimensions of the sealed assembled 
plates may be those of nucroscope slides which would make it possible to utilize the equipment standard for 

20 the simultaneous treatment of microscope slides. 

In a particular embodiment of the invention, Hie support comprises a frame assembly. The frame 
assembly comprises a pair of rectangularly shaped plates (25 mm x 75 mm x 1 mm) from a hard plastic 
resistant to acids, resembling the plastic used to manufacture credit cards. A circular aperture (1,0 -1.3 cm in 
diameter) appears centered at about 12.5 mm from three sides of the plate. The support fabric, comprising 

25 fabric from glass or polyester fibre, giving no color reaction with Schiffs reagent, is placed in between the 
two superimposed plates sealed together thermally or using a glue or adhesive tapes. The support is 
accessible on both sides to deposit the nipple fluid obtained from a subject; the fluid is deposited on one side 
only. 

In operation, a physician or nurse places a specimen of the nipple fluid onto the surface of the 
30 support in the plate's aperture. The plates are transferred to a laboratory to be processed individually or in 

batches the size of which is determined by the equipment utilized in the practice of the test. The plates are 
discarded after the results are read. If color is difficult to be certain of, the plates may be read at a later point 
in time, in particular one to seven days later. 

A process is hereinbelow described as a screening test for the early detection of neoplasia, 
35 precancer, or cancer of the breast. Onto the support secured in the plate as described hereinabove and 
convenient to handle is deposited a specimen of the nipple fluid. The plates with the deposited specimens are 
temporarily stored at -20° C and transferred to a processing laboratory in a container cooled by dry ice. Upon 
arrival the plates are removed from the dry-ice container in which they were transported and stored if so 
required in a freezer for a prolonged period of time, such as six months, at -VO^C. 
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To develop, the plates are removed from the freezer in which they had been stored, allowed to 
warm up to room temperature (21 "Q, and kept at that temperature for at least 4-5 hours so that they can 
sufficiently adhere to the support before starting the treatment with SchifPs reagent. 

More specifically, for processing, the following method has been found suitable. Individual plates 
with deposited nipple fluid allowed to warm up to room temperature are sprayed with SchifPs reagent 
described hereinbelow and allowed to develop red color within 20 minutes. Then the plates are washed by 
immersing the plates into a glass container with distilled water for approximately three minutes, and the 
washing is repeated three times for the total washmg time of approximately 10 minutes. The last washing 
water usually becomes colorless. Approximately 30 minutes after exposure to SchifPs reagent, including 
washing time, the plates are scored by reading the remaining purple color. 

It should be noted that a weakly positive test result is to be expected if only a small amount of the 
fluid is present on the support, and thus it has the same validity as a strongly positive result of an abundant 
fluid sample. 

The methods described herein may be modified by including reagents to detect additional markers 
15 associated with breast cancer. Other markers include but are not limited to a member of the HER family of 
receptor tyrosine kinases, estrogen receptor, interleukins, cadherins (e.g. E-cadherin), BRCAl, and BRCA2. 

The invention provides a method for imaging tumors associated with an aldehyde marker associated 
with breast cancer. The invention also contemplates imaging methods described herein using multiple 
markers for breast cancer. For example, a method for imaging breast cancer may utilize a reagent that reacts 
20 with one or more aldehyde marker associated with breast cancer and one or more of a reagent that binds to a 
member of the HER family of receptor tyrosine kinases, estrogen receptor, interleukins, cadherins (e.g. E- 
cadherin), BRCAl, and BRCA2. In a particular embodiment, each reagent is labeled so that it can be 
distinguished during the imaging. 

In an embodiment the method is an in vivo method and a subject or patient is administered one or 
25 more reagents that carry an imaging label and that are capable of targeting or treating with an aldehyde 

marker associated with breast cancer. The reagent is allowed to incubate in vivo and reacted with an 
aldehyde marker associated with breast cancer. The presence of the label is localized to the breast cancer, 
and the localized label is detected using imaging devices known to those skilled in the art 

The reagent may be an antibody or chemical entity which reacts with the aldehyde marker. The 
30 reagent carries a label to image the aldehydes. The reagent may be labelled for use in radionuclide imaging. 

In particular, the reagent may be directly or indirectly labelled with a radioisotope. Examples of 
radioisotopes that may be used in the present invention are the following: ^^Ac, ^^^At, ^^^Ba, "'Ba, ^Be, 
^«Bi, ^«Bi, ^'BU ^*Br, "Br, «^Br, '"'Cd, «Ca, "C, >^C, ^«CI, «Cr, ^'O, '"Cu, ^Cu. «"Cu, '^^Dy, »«Eu. '«f! 
»^^Gd, ^^Ga, '^^Ga, «Ga, '^Ga, ''«Au, ^H, ^^Ho, ^"in, '"'""In, "^""In, »=«I, "^I, '^'l, '^Ir, ''^Ir, ^Fe, 

Fe. ^'Fe, ^^Lu, >^0, >'^->^»Os, »>d, ^^P, ^^P, ^^^Ra, >«^Re, ^««Re, «^-Rb, ^«Sm, ^^Sc, ^^Sc,'^^Se,' ^^Se, 
'Ag, ^Na, ^^Na, ^^Sr, "S, ^«S, '"Ta, ^c, '^"^c, ^^*T1, ^1, '^^Sh, "^"Sn, ^^»Sn, ^^Yb, ^'^^Yb, ^^^Yb, ««Y, 
^Zn and "Zn. Preferably the radioisotope is "»I, >"l, »"l, "^I, ^"^c, '°Y, '^^Re, ^'^Re, '^P, '^^Sm, ^'Gz, 
T\ "Br, or "P, and is imaged with a photoscanning device. 



35 
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Procedures for labeling biological agents with the radioactive isotopes are generally known in the 
art. U.S. Patent No. 4.302,438 to Zech describes tritium labeling procedures. Procedures for iodinating 
biological agents, such as antibodies, binding portions thereof, probes, or ligands, are described in the 
scientific literature ( 38, 39), and U.S. Patent Nos. 3,867,517 to Ling and 4,376,110 to David et aL. 
Iodinating procedures for agents are described in the scientific literature (40-42) as well. Tc-labeling 
procedures are described by Rhodes, B. et al (43). Procedures suitable for In-labeling biological agents 
are described by Hnatowich, D. J. et al. (44, 45) and Buckley, R. G. et al.(46). 

A reagent may also be labeled with a paramagnetic isotope for purposes of an in vivo mediod of the 
invention. Examples of elements that are useful in magnetic resonance imaging include gadolinium, terbium, 
tin, iron, or isotopes thereof ( See, for example, references 47 to 51, for discussions on in vivo nuclear 
magnetic resonance imaging.) 

In the case of a radiolabeled reagent, the reagent may be administered to the subject, it is localized 
to the tumor having an aldehyde marker associated with breast .cancer with which the agent binds, and is 
detected or "imaged" in vivo using known techniques such as radionuclear scanmng using e.g., a gamma 
15 camera or emission tomography (e.g., 52). A positron emission transaxial tomography scanner, such as the 
scanner designated Pet VI located at Brookhaven National Laboratory, can also be used where the radiolabel 
emits positrons (e.g., " C, F, O, and N). 

Whole body imaging techniques using radioisotope labeled agents can be used for locating both 
primary tumors and tumors which have metastasized. Antibodies specific for an aldehyde marker, or 
20 fiBgments thereof having the same epitope specificity, are bound to a suitable radioisotope, or a combination 
thereof, and administered parenterally. The bio-distribution of tiie label can be monitored by scintigraphy, 
and accumulations of the label are related to the presence of breast cancer cells. Whole body imaging 
techniques are described in U.S. Patent Nos. 4,036,945 to Haber and 4,311,688 to Burchiel et al. Other 
examples of reagents useful for diagnosis and therapeutic use include metallothionein and fi^gments (see, 
25 U.S. Patent No. 4,732,864 to Tolman). These agents are useful in diagnosis staging and visualization of 
cancer so that surgical and/or radiation treatment protocols can be used more efficiently. 

The methods of the invention can be carried out vsing a kit A kit may comprise, for example, a 
container such as a package, carton, tube, box, roll, tape, or other capsule-Uke object comprising a soKd 
support and the necessary reagents to carry out a method of the invention. A kit may contain means for 
30 detecting the reaction of an aldehyde detecting reagent and an aldehyde associated with breast cancer in a 

sample. A support may be pre-treated with a solution of an aldehyde detecting reagent (e.g SchifPs reagent) 
to retain an active portion thereof; or the container may have each of the support and the reagent separately 
packaged; or the reagent may be generated before use from basic fuchsin deposited on the support Where 
the kit is intended for in vivo use, single dosages may be provided in sterilized containers, having the desbed 
35 amount and concentration of reagents. 

In an embodiment of the invention, a screening kit is provided as hereinabove defined but 
incorporating packaged basic fuchsin instead of SchifPs reagent The basic fuchsin is provided as a source of 
SchifTs reagent by subsequent reaction of sulphur dioxide or sulfite with the basic fuchsin in acidic 
conditions. Instead of the above, sulfur-dioxide in situ generating agents, could be used. 
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A screening test kit provides means for conducting a metiiod of the invention for detecting 
neoplasia, a precancerous condition, or cancer of the breast in a hospital, medical laboratory or clinic, or 
outside a hospital or clinic. 

The invention will now be illustrated by the following non**limiting examples: 
5 EXAMPLES 
Example I 

Preparation of ScMff s reagent: p-Rosanilin (0.2 g) is dissolved m hot water (100 mL); after cooling to room 
temperature sodium bisulfite (1.17 g) and IN hydrochlmc acid (17 mL) are added sequentially, and the 
solution is allowed to stand in the dark at room temperature for 4 days. Then charcoal (0.15 g) is added, 
10 mixed well, and filtered off. The resulting colourless solution is stable for a prolonged period of time in a 
refrigerator at +2 to +5**C. 
Example 2 

Sample nipple fluid was deposited on the fabric portion of the plates and stored at -70**C in a freezer. Before 
processing, individual plates with deposited nipple fluid were allpwed to warm up to the room temperature 

15 and kept at that temperature for 5 hours. Then the fsibric portions of the plates were sprayed with Schiffs 
reagent described in Example 1, and allowed to develop red/purple color for 20 minutes. The plates were 
then placed in a glass vessel such as a "Wheaton staining dish" which was filled with distilled water and 
gently agitated for 3 minutes. For agitation, an orbital shaker at 65-100 RPM was used. The colored washing 
water was replaced by fresh distilled water, the staining dish with the plates carrying the specimens was 

20 again gently agitated for 3 minutes, and the colored water discarded. The washing was repeated three times 
for the total washing time of 10 minutes, with a change of water approximately every three minutes. Usually 
the last washing water remained colorless through washing. Then, 30 minutes after exposure to SchifFs 
reagent, including washing time, the plates were scored by reading the remaining purple color. 
Example 3 

25 Nipple aspirate fluid (34 specimens) from 28 subjects (12 diagnosed with cancer) age between 30 

and 52 years (median 41 years) attending the Breast Care Clinic at the University of California at San 
Francisco had been collected using an aspirator (25,26) well known to those experienced in the art, and four 
nipple fluid specimens from healthy volunteers at the University of Toronto were collected using tihe 
pressure method. The test results were positive in all subjects diagnosed with breast cancer (malignant or 

30 invasive, ductal carcinoma in situ, and lobular carcinoma in situ). The test was negative in most disease-free 
subjects. Exceptions were: two specimens from the high risk group (first degree relative such as mother, 
sister; daughter diagnosed with breast cancer) were both positive. Two individuals attending the Breast Care 
Clinic for unspecified reasons tested positive although they neither became diagnosed with breast cancer nor 
had a first degree relative with breast cancer. 
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The present invention is not to be limited in scope by the specific embodiments described herein, 
since such embodiments are intended as but single illustrations of one aspect of the invention and any 
functionally equivalent embodiments are within the scope of this invention. Indeed, various modifications of 
the invention in addition to those shown and described herein will become apparent to those skilled in the art 
5 from the foregoing description and accompanying drawings. Such modifications are intended to fall within 
the scope of the appended claims. 

All publications, patents and patent applications referred to herein are incorporated by reference in 
their entirety to the same extent as if each individual publication, patent or patent application was 
specifically and individually indicated to be incorporated by reference in its entirety. All publications, 
10 patents and patent applications mentioned herein are incorporated herein by reference for the purpose of 
describing and disclosing the cell lines, vectors, methodologies etc. which are reported therein which might 
be used in connection with the invention. Nothing herein is to be construed as an admission that the 
invention is not entitled to antedate such disclosure by virtue of prior invention. 

It must be noted that as used herein and in the appended claims, the singular forms "a", "an", and 
IS "the" include plural reference unless the context clearly dictates otherwise. Thus, for example, reference to 
"the aldehyde marker" includes a plurality of such aldehyde markers, and so forth. 



